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Key messages 
 Farming communities in Benin are being 
challenged by shifting, unpredictable rainy 
seasons, higher temperatures, and longer 
droughts. In recent years, the two previously 
distinct maize planting seasons have merged into 
just one. Climate changes are also contributing to 
increased pest and disease pressures.  
 There will be a dramatic decrease in the number of 
maize accessions in Benin’s national genebank 
that will be adapted to the predicted climate in 
2050. By contrast, there will be an increase in the 
number of accessions in other countries’ national 
genebanks and international genebanks that are 
adapted for the predicted 2050 climate. 
 Project teams are in the process of attempting to 
access samples of some of the ‘best-bet’ 
accessions.  
 Research findings underscore the dependence of 
Benin on international sources of crop germplasm 
from other countries and international collections 
for climate change adaptation. They also 
underscore the importance of Benin putting 
programs in place to assist farmers and plant 
breeders to actually use the multilateral system of 
access and benefit-sharing (MLS) created by the 
International Treaty on Plant Genetic Resources 
for Food and Agriculture (ITPGRFA). Through the 
MLS, farmers and breeders should be able to 
access the genetic resources they need from 
sources from both inside and outside of Benin. 
Introduction 
Benin is located on the Guinean coast of West Africa and 
has a mixed tropical and sub-equatorial climate with two 
rainy seasons. Beninoise farmers practice mixed rain-fed 
crop and livestock farming. Climate change puts the 
country at risk of food insecurity. Since the 1960s the 
mean average temperature has increased by 1.1ºC and 
that the average number of ‘hot’ days per year increased 
by 39 days between 1960 and 2003, from 38 days in the 
1960s to 77 days in 2010, and the number of ‘hot’ nights 
by 73 nights from 53 nights in the 1960s (McSweeney et 
al, 2010). In contrast, the frequency of ‘cold’ days and 
nights annually has decreased significantly since 1960. 
There is a general decrease in annual precipitation of 
about 180 mm from a previous value of about 1480 mm in 
the 1960s to 1300 mm presently; and increased 
incidences of drought. There is erratic and intensified 
rainfall leading to floods and soil erosion. Climate models 
project an increase in annual temperature by 1.5 to 3°C 
by the 2060s and up to 5.1°C by the 2090s (Jalloh et al. 
2013). As a result, farmers are already experiencing lower 
harvest yields, and food production is projected to 
decrease by 6% by the year 2025. Adaptive measures 
are necessary to avert further food insecurity. One 
adaptation strategy is to help farmers and plant breeders 
find and use genetically controlled plant traits that are 
suited to their changing climate conditions. Indeed, the 5th 
Assessment Report of the Intergovernmental Panel on 
Climate Change (IPCC) recognizes the importance of 
strategies based on the use, conservation and 
management of genetic resources for climate change 
adaptation (IPPC, 2014). The report highlights the 
importance of improving crop tolerance to new conditions 
and improving access to genebanks to develop varieties 
with appropriate adaptive characteristics. It also notes the 
importance of using indigenous knowledge to identify 
adaptive strategies contributing to food security (ibid). 
CCAFS, with support from projects funded by the Darwin 
Initiative (Mutually support implementation of the 
ITPGRFA and the Nagoya Protocol), the Netherlands 
(Genetic Resources Policy Initiative) and GIZ (the ABS 
Capacity Development Initiative), supported the 
introduction in a group of communities called Tori-Bossito 
of participatory methods to identify potentially useful plant 
genetic resources for experimentation by farmers and 
plant breeders. The research teams focused on maize, 
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which was selected by the farmers as it is particularly 
important for their food security in Tori- Bossito. 
Capacity development: Participatory 
Action Research and Learning and 
climate modeling 
A team of CCAFS Scientists from Bioversity International 
led a participatory capacity building initiative with a multi-
stakeholder research team comprising farmers and local 
leaders from Tori-Bossito, scientists from Benin’s national 
agricultural research organizations, including the national 
genebank, plant breeders, agronomists, climate 
specialists, and local civil society organizations. The 
objective was to analyze the impacts of climate change 
on food security crops in Tori-Bossito, and to identify 
potentially adapted maize genetic resources from local 
farmers, the Benin national genebank, other countries’ 
genebanks and genebanks hosted by international 
organizations. A total of 20 scientists and 46 men and 
women farmers participated in action research and 
learning exercises. 
Methodology 
Through participatory action, research and learning 
(PAR&L), scientists and farmers discussed climate 
change-related challenges for their crops. They also 
identified desirable traits for maize (and other crops) that 
enable adaptation to those challenges. The teams 
conducted a ‘four square analysis’ whereby they charted 
out the richness and evenness of distribution of maize 
varieties used by the farmers (Rana et al, 2005). They 
identified some existing varieties that perform better 
under the current stressed conditions as well as varieties 
that they had lost which they considered worthwhile 
obtaining and re-introducing locally. The second and third 
stages of the PAR&L focused on identifying potentially 
useful maize materials in the Benin national genebank, 
other countries’ genebanks, and genebanks hosted by 
international organizations. The teams were taught how to 
access and use publicly available climate data (from 
WorldClim at http://www.worldclim.org/) and national and 
international genebanks’ accession level information, 
including passport data (from Genesys at 
https://www.genesys-pgr.org/welcome) and a range of 
computational programs. The teams were able to identify 
accessions conserved in those collections that are 
potentially adapted for use in Tori-Bossito under both 
present climatic conditions, and conditions that are 
predicted for Tori-Bossito in 2050. 
Data on maize accessions from the national gene bank 
and from Genesys database were screened using 
combination of GIS and climate datasets (current and 
future) from Worldclim to develop climate profiles (both 
current and 2050) for each accession, in order to develop 
a predictive tool to identify suitable varieties. A total of 19 
bioclimatic variables were extracted using the BIOCLIM 
algorithm at 2.5 arc-minutes resolution, and using the 
program DIVA-GIS. Most of these variables were 
associated with the different precipitation and temperature 
regimes from WorldClim, characteristic of the different 
habitats of the selected crops.  
Agro-ecological variables at each locality were extracted 
using DIVA GIS. Each accession had a unique agro-
ecological zone. The accessions were clustered based on 
three variables: annual average temperature, annual 
precipitation and agro-ecological Zone. The teams 
calculated the annual average temperature and annual 
precipitation variables derived from each month’s 
minimum and maximum precipitation and temperatures 
using the formulas: ((tmin1+tmax1)/2 + (tmin2+tmax2)/2 + 
(tminn+tmaxn)/2)/12 and (prec1+prec2+precn) respectively 
and matched with the growing season at each reference 
site. Finally, the selected accessions from the national 
gene banks and international sources were mapped to 
provide a visualization of the change in the number and 
geographic spread of the sites of original collection of the 
accessions that are best candidates for use under present 
climate conditions, and predicted conditions in 2050.  
Additional factors—such as soil qualities, elevation, 
agricultural practices, and cultural preferences—beyond 
temperature and precipitation patterns need to be taken 
into consideration when determining whether an 
accession is potentially well suited for use in a particular 
area. Therefore, additional work is necessary to filter ‘best 
bet’ candidate materials from those identified by the 
research work reported here. Nonetheless, this project’s 
focus on temperature and precipitation patterns provided 
useful leads for the research teams. It research results 
underscored the fact that farmers in Benin will be 
increasingly dependent on ‘external sources’ of plant 
genetic resources. It is clearly important to put systems in 
place to ensure that farmers in Tori-Bossito (and plant 
breeders who are developing materials for use by those 
farmers) will have access to the genetic resources they 
need for adapting their agricultural production systems to 
changing climates. 
Results 
A. Climate change is having negative impact on 
maize production, food security 
Focus group discussions with farmers confirmed that 
there have been changes in rainfall patterns, with lower 
amounts of rains being experienced and shifting rainy 
seasons. Farmers also reported increased temperatures 
and an increased number of hot days with prolonged dry 
seasons and droughts. Ultimately these shifting climate 
patterns have led the two regular cropping seasons in one 
year to collapse into just one, as illustrated in Figure 1. 
This has been the situation for the last three years. Figure 
1 might give the impression that the newly merged single 
growing season is almost as long as the other previously  
 C C A F S  I N F O  N O T E  3  
 
  
Figure 1. Shifting seasons in Tori-Bossito, Benin 
separated seasons put together so that farmers could 
sow and harvest twice during the single longer season; 
however this is not the case. Farmers are not only able to 
harvest once per year. As a result of these climatic 
changes, farmers have experienced maize yield losses. 
This is partly due to the fact that changing climate 
conditions are also contributing to increased incidence of 
pests and diseases. Maize prices have increased, and 
farmers reported feeling increasingly food insecure. 
Some adaptive strategies that farmers are currently 
employing include using earlier-maturing maize varieties. 
Those varieties are improved varieties. They require 
additional inputs such as fertilizer, which makes them 
prohibitively expensive for many of the farmers. Some 
farmers are replacing their maize with other crops such as 
cassava. As a last resort, some are abandoning farming 
to do off-farm activities such as motorcycle transport or 
petty trading. 
B. Climate changes are already narrowing down the 
range of varieties that are currently available to 
farmers in Tori-Bossito  
The four cell analysis of local maize diversity revealed 
that there are nine maize varieties actively being grown 
by the farmers in Tori-Bossito. The preference scoring 
indicated that the highest ranked variety (based on the 
following traits: yield, early/late maturity, resistance to 
pests and diseases, response to low input farming, 
drought, cooking characteristics and taste) possesses 
good cooking and storage qualities, it is high-yielding, 
relatively early-maturing and drought tolerant and is 
largely grown for the market (photo 3). It is an improved 
open-pollinated variety that was introduced into the 
community about 10 years ago. 
The other eight varieties will be less and less useful to the 
farmers as the climate changes. Three of them are 
improved, early maturing and high yielding, but they are 
not widely grown because they are susceptible to drought 
and do not possess desirable cooking qualities; they also 
attract low market price. Three other varieties are drought 
resistant, but are low-yielding, with poor cooking qualities. 
The remaining two varieties have longer maturity periods, 
making them vulnerable under the changing conditions. In 
recent years, farmers also lost three local varieties that 
were late maturing and could not withstand lower rainfall. 
Ultimately, they are increasingly reliant on just one maize 
variety. The research team underscored the importance 
of farmers being able to manage a broader portfolio of 
adapted varieties for their food security. 
Farmers listed the desired traits in the following order of 
priority: drought tolerance, early maturing, and high 
yielding. 
C. Over time, less and less of the national maize 
collection will be suited for use in Tori-Bossito, as 
a result of climate changes  
The process of finding adapted maize germplasm from 
beyond Tori-Bossito started with an analysis of national 
genebank collections. The national genebank has 225 
accessions of maize collected from different parts of 
Benin. Of those accessions, 132 are potentially suited for 
growing in Tori-Bossito in present climate conditions 
(noting, of course, that they may not be useful for other 
reasons, e.g. low-yielding, disease susceptibility, poor 
taste, poor cooking qualities, etc). However, when looking 
forward to the predicted climate conditions in Tori-Bossito 
in 2050, only 37 of the accessions in the genebank 
appear to be potentially adapted.  
D. Over the same time period there will be an increase 
in the number of maize accessions conserved in 
other countries’ and international genebanks that 
are adapted for Tori-Bossito’s changing climate 
Using information available through Genesys, the 
research team identified 39 accessions in other countries’ 
genebanks and in international collections that are suited 
to Tori-Bossito’s current climate. This number might seem 
to be rather low, given that more than half of the maize 
accessions in the national genebank appear to be well 
suited to current day conditions in Tori-Bossito. This is 
due to the seasons that have shortened then merged, the 
variability in temperature and rainfall during this merged 
season leads to few varieties that are matched.  
The number of accessions that are potentially adapted to 
Tori-Bossito’s predicted 2050 climate actually increases 
to almost 150. This is consistent with the finding that Tori-
Bossito’s climate will change in ways that make it similar 
to the climates where those materials were collected at 
the time they were collected. Interestingly, many of the 
accessions identified through Genesys were originally 
collected not only in Africa, but also in Central and South 
America and parts of Asia. 
Conclusions 
Climate change is already having a negative impact on 
maize production in Tori-Bossito. To be able to respond, 
farmers and plant breeders need to be able to take 
advantage of maize genetic diversity as a source of traits 
that are adapted to changing climate conditions: traits 
such as drought tolerance, and early maturity. Local 
maize diversity in Tori-Bossito is limited. As climates 
change, farmers will become increasingly reliant on 
genetic traits from materials originally collected 
elsewhere: either from within Benin or internationally. 
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The proportion of maize materials currently included in 
the national genebank of Benin that are potentially suited 
to grow in Tori-Bossito’s changing climate is decreasing. 
By contrast, there will be an increase in the proportion of 
materials conserved in other countries’ and international 
genebanks that are potentially adapted to Tori-Bossito’s 
changing climatic conditions. Therefore, farmers in Tori-
Bossito and plant breeders hoping to develop materials 
for their use will be increasingly reliant on genetic 
diversity from other parts of the world as the source of 
adapted genetic traits.  
The MLS created by the ITPGRFA was designed to 
facilitate international availability and exchange of plant 
genetic resources as inputs into agricultural research, 
plant breeding and training. Benin ratified the ITPGRFA in 
2015. Recently, Benin has also adopted interim 
measures—“Decree on national guidelines on access to 
genetic resources and associated traditional knowledge 
and fair and equitable sharing of benefits arising from 
their use in the Republic of Benin”—to put systems in 
place to implement the ITPGRFA at national levels. The 
research presented in this Info Note highlights the 
importance of programs to train multi-stakeholder 
teams—with roots at farmer community levels—to use the 
MLS to access the diversity that farmers and plant 
breeders need to adapt to climate changes. 
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